In this issue of Neuron, Spitzer et al. (2019) demonstrate age-and region-dependent diversity in the expression of voltage-gated ion channels and neurotransmitter receptors in oligodendrocyte progenitors. These define their interactions with neurons and thus suggest an increasing functional heterogeneity with age and between brain regions.
Myelination of long axonal tracts in the vertebrate brain is essential for fast saltatory conduction of action potentials as well as maintaining axonal health by supplying neurons with metabolites. Furthermore, myelinating glial cells respond to and influence neuronal networks (Sakry et al., 2014; Baraban et al., 2016; Saab and Nave, 2017; Mount and Monje, 2017; Nagy et al., 2017) . Myelinating oligodendrocytes develop from migratory and proliferative oligodendrocyte progenitor cells (OPCs), which express typical marker proteins and lipids. One of these is the large type I glycoprotein NG2 that is also expressed on subpopulations of pericytes in the brain (Dimou and Gallo, 2015) . As well as serving as a marker, this protein has characteristic functional properties, such as promoting migration, and after activity-dependent cleavage and release of the NG2 ectodomain, it modulates activity of neighboring neurons (Sakry et al., 2014) . NG2 expression is downregulated when the cells mature. OPCs are also found in gray matter areas where myelination is sparse or absent. A pool of OPCs resides in the adult brain and can be recruited to differentiate into myelinating oligodendrocytes to repair demyelinated tracts after injury.
Developmental myelination appears to vary in the requirement for electrical activity and may vary between different axonal tracts. In more mature animals, neuronal activity is a clear driver of additional myelination, which is thought to enhance coordination (Baraban et al., 2016; Mount and Monje, 2017) . Thus, an understanding of how OPCs respond to network activity is essential to understand these pro-cesses. OPCs possess receptors for the neurotransmitters glutamate and GABA, and these neurotransmitters regulate OPC behavior (Dimou and Gallo, 2015) . OPCs are also endowed with a range of ion channels and, similar to neurons, have been described to exhibit high levels of sodium channels, although the generation of action potentials is generally thought to be an exclusively neuronal function. OPCs are unique glia exhibiting synaptic contacts with neurons in all brain areas studied (Bergles et al., 2010) . The exact function of these synaptic contacts, which are downregulated as the cells upregulate myelin genes, is still incompletely understood, but a synapse is generally considered a structure allowing a sophisticated response to patterns of electrical activity. Furthermore, it has been reported that OPCs exhibit long-term potentiation, an electrophysiological phenomenon that is thought to underlie consolidation of memory in neurons and that goes hand in hand with structural reorganization of receptor density and underlying scaffolds at the synapse supported by increased translation of localized messenger RNA. Exciting recent work has also shown that oligodendrocyte lineage cells are essential for motor learning.
Considerable evidence exists for phenotypic diversity in OPCs (Dimou and Gallo 2015) . Thus, for example, gray and white matter OPCs have been shown to differ in their electrophysiological properties. Furthermore, OPCs differ in their developmental origin, but seemingly, these subpopulations can often compensate for one another in myelination when one population is obliterated.
A general problem is to discern whether phenotypic diversity is the result of different stages of a lineage or of plasticity due to local influences or whether genuine functional heterogeneity of the population exists.
In this issue of Neuron, Spitzer et al. (2019) have asked the question of how expression of different voltage-dependent ion channels and neurotransmitter receptors vary between brain areas and with aging. Since these receptors modulate cell behavior and response to the neuronal network, this is a pertinent question. They took advantage of a well-established mouse line (Karram et al., 2008) in which enhanced yellow fluorescent protein (EYFP) is expressed under the promoter of the endogenous NG2 gene. In this mouse line, OPCs (and pericytes) express EYFP. In the heterozygote state, as Spitzer et al. (2019) have used, one copy of the endogenous NG2 gene is expressed, but the cells are yellow as they express EYFP. This is important as the homozygous mouse in which both copies of the NG2 gene are substituted by EYFP (knockout for NG2) exhibits behavioral abnormalities (Sakry et al., 2014) . This facilitates unequivocal identification of OPCs on sections for electrophysiological analysis as well as isolation of the cells using fluorescence-activated cell sorting (FACS) and subsequent gene profiling. Spitzer et al. (2019) compare different ages and brain regions using singlecell patch-clamp analysis in acute slices to analyze voltage-dependent or glutamate-receptor-dependent ion currents in OPCs. In addition, they magnetically sort cell populations from different ages and Neuron Previews regions of the brain using the expression of ''platelet-derived growth factor receptor a'' as a defining antigen (which is also on NG2+ OPCs, but not on pericytes) and conduct bulk RNA sequencing (RNA-seq) on these populations. They find, strikingly, that the earliest OPCs analyzed at embryonic day 13 (E13) exhibit voltage-gated potassium channels but lack sodium currents. The latter appear as the cells mature and the peak density coincides with the start of myelination and declines after 1 month of age when the peak of myelination has passed, to a constant lower level. The highest density of sodium currents thus correlates with the proliferative phase of OPCs and with the expression of genes typical for migratory and proliferative cells as determined by RNA-seq. To further demonstrate this, they also crossed the NG2-EYFP mouse to two mouse strains in which proliferating cells are fluorescently labeled in the GO/G1 phase or the G2/M phase. The results here again showed that the cycling cells isolated by FACS had the highest density of sodium channels. Analysis of glutamate receptors by voltage clamp and analysis of the currents in response to addition of glutamate agonists from E13 to postnatal day 330 (P330) demonstrated that glutamate-sensitive AMPA and kainate receptors develop first, as voltage-gated potassium channels appear. In contrast, the appearance of NMDA receptors, which also respond to glutamate and have been linked to promotion of myelination, appeared later and peaked in both the proportion of the population and the density with the peak of myelination. The RNA-seq results comparing different ages showed that the density of NMDA receptors did not vary with cell cycle. Interestingly, the RNA-seq data for sodium, NMDA, and AMPA/kainate receptors showed no changes from E16 to old age, whereas the electrophysiology (which measures the presence of receptors at the cell surface) exhibited a large change. They interpret this as suggesting that the protein expression is post-transcriptionally or post-translationally regulated. An additional possibility could be that trafficking and insertion of the receptors from intra-cellular sources to the membrane may also be regulated and vary with age.
Spitzer et al. (2019) investigated regional differences in the proportion of proliferating OPCs between corpus callosum (a white matter tract) and the cortex (largely gray matter) and observed that this declined with age. Here the callosum had more proliferating cells than the cortex in young mice, but the percentage dropped off steeply with age. Interestingly, in the first postnatal week, OPCs in these regions appeared very similar, but after the first postnatal week, significant differences between white and gray matter appeared, especially in regard to the density of all glutamate receptors and sodium channels. These results could suggest an environmental influence on the development of OPCs, which differs between white and gray matter. Established differences in the myelination potential between young and old rats (and thus probably young and old OPCs) can be magically restored by parabiosis in which the young blood rejuvenates the older animal. Spitzer et al. (2019) tested whether one such potential ''rejuvenation factor'' (GDF11), applied for 4 weeks in vivo, could alter the age-dependent changes in electrophysiological properties of OPCs, which goes hand in hand with a decreasing ability to differentiate and remyelinate. These experiments were negative, and no change was observed, proving that defining the ''Fountain of Youth'' for OPCs is likely to be difficult.
It must be borne in mind that some of the observed changes in the current density of OPCs may be contributed to by regional and age-dependent changes in the neuronal network: the bath applied kainate or NMDA will also affect and depolarize neurons in the slice, leading to increased neuronal glutamate release at the neuron-OPC synapse, which can modulate the OPC response. Furthermore, an external perfusion medium lacking Mg2+ will unblock neuronal NMDA receptors in the presence of the receptor agonist and subsequently may awaken silent synapses (Hanse et al., 2013) . Additional experiments utilizing the more physiological approach of paired recordings from connected neuron-OPC cells or an electrical stimulation of afferent fibers from a defined synaptic input and analysis of frequency and/or amplitude of postsynaptic currents in OPCs (Nagy et al., 2017) would be helpful here.
In summary, the present paper shows interesting changes in electrophysiological properties of OPCs with age and between brain region, notably between white and gray matter. Attempts to revert these changes with factors were negative, but in the future, such factors may indeed be identified. Their results define an increasing functional heterogeneity of OPCs as the brain matures.
